Purpose To assess the potential effects of short-term exposure to particulate air pollution during follicular phase on clinical, laboratory, and pregnancy outcomes of women undergoing IVF/ET. Methods Retrospective cohort study of 400 first IVF/ET cycles of women exposed to ambient particulate matter during follicular phase. Particulate matter ( Results Clinical, laboratory, or treatment variables were not affected by follicular phase PM exposure periods. Women exposed to Q 4 period during the follicular phase of conception cycles had a higher risk of miscarriage (odds ratio, 5.05; 95% confidence interval: 1.04-25.51) when compared to women exposed to Q 1-3 periods. Conclusion Our results show an association between brief exposure to high levels of ambient PM during the preconceptional period and early pregnancy loss, although no effect of this exposure on clinical, laboratory, and treatment outcomes was observed.
Introduction
In humans the success or failure of the reproductive process is a delicate balance of numerous factors such as age, behavior, heredity, hormonal and nutritional status, patency of the reproductive tract, gamete reserve and production, embryo development and quality, and uterine receptivity acting in combination. The preimplantation period of development represents a critical time during which the embryo is highly susceptible to exogenous insults that can affect future growth and developmental potential, either pre-and/or postnatally [1] . Abnormalities in developmental potential may arise from the unavoidable maternal exposure to environmental toxic agents during the periconceptional period affecting not only reproductive but also pregnancy outcome and/or postnatal life [2, 3] .
In the São Paulo metropolitan area, home to approximately 18 million inhabitants, a fleet of 7.5 million dieselpowered vehicles is the major source of the particulate matter (PM) found in ambient air. The automotive emissions are responsible for 98% of carbon monoxide (CO), 97% of polyaromatic hydrocarbons (PAHs), 96% of nitrogen oxides (NOx), 67% of sulfur oxides (SOx), and 40% of the inhaled PM present in the atmosphere of the city [4, 5] . Throughout the day, people living in metropolitan areas are intermittently subject to diesel exhaust particles (DEP), a major contributor to PM pollution. DEP consists of carbon cores with a high surface-to-volume ratio that absorb trace amounts of heavy metals such as iron, copper, chromium, and nickel and a large number of organic compounds including PAHs, nitroaromatic hydrocarbons, heterocyclics, quinones, aldehydes, and aliphatic hydrocarbons [6, 7] . The total mass of DEP is composed of 40% inorganic carbonaceous substance (elemental carbon, EC), 30% organic carbonaceous substances derived from unburned fuel and oil, and 30% sulfate, water, ash and others. Size distribution of DEP ranges from coarse particles (with aerodynamic diameter 2.5-10 µm) to ultrafine particles (with aerodynamic diameter <0.1 µm), which are dominant in the number-size distribution in contrast to the larger particles that dominate the mass-size distribution [8] .
Over the past few years an increasing amount of evidence derived from studies focused particularly on male fertility and pregnancy outcome showed the negative effects of environmental contaminants derived from traffic emissions, including ozone (O3), CO, SOx, NOx, benzene, formaldehyde, PAHs, and suspended PM present in urban air on human reproductive health [9] [10] [11] [12] [13] [14] . In contrast, few studies were able to demonstrate an association between air pollution and fertility impairment in women, probably due to the multiplicity of factors involved in female reproductive function [15] [16] [17] . Additionally, little is known regarding the impact of preconceptional exposure to metro area ambient air on early embryo development [16] .
The advent of in vitro fertilization and embryo culture to clinical practice opened an important window to the observation of unique reproductive and developmental events of the preimplantation embryo that occur immediately before implantation. The possibility to closely monitor distinct aspects of gamete interaction and early embryo development in regard to cell division, morphology and quality (regularity, symmetry, fragmentation, multinucleation) turned both animal and human in vitro fertilization and embryo transfer (IVF/ET) into a relevant model for evaluating the preimplantation effects of acute or chronic exposure to ambient air pollution on reproduction. The main environmental contaminants derived from traffic emissions may alter fertility through direct and/or indirect effects on different pathways in cellular processes including mitotic interference, altered cell signaling, altered energy sources, enzyme inhibition, mutation, alterations in gene expression, alterations in DNA and RNA synthesis and functioning, and programmed cell death [18] or by disrupting the endocrine and/or immune systems [19, 20] .
Previous experimental studies conducted in our laboratory have provided evidence that both short-and long-term exposure to particulate air pollution has a significant impact on female reproductive function affecting pre-and postimplantation embryonic development in mice. Acute preconception exposure to diesel exhaust particles and chronic exposure to fine PM (diameter ≤2.5 µm, PM2.5) present in ambient air were implicated in the disruption of the segregation pattern of the inner cell mass and trophectoderm cell lineages at the blastocyst stage [21, 22] , an important marker of embryo viability and developmental potential [23] . Defective post-implantation embryonic development resulted in an increased number of implantation failures, decreased number of viable fetuses, and higher rates of miscarriage [14, 16] . Recently, a retrospective epidemiological study confirmed the increased risk of early pregnancy loss previously observed in experimental studies in women exposed to particulate air pollution. In their study, Perin et al. [24] provided evidence for an association between brief exposure to high levels of ambient particulate matter during the preconceptional period and early pregnancy loss, regardless of the method of conception (natural or after IVF treatment), and showed a 2.6-fold increase in the risk of miscarriage.
Despite the ubiquitous and unavoidable nature of trafficrelated particulate air pollution exposure in metropolitan areas where women who are trying to conceive (naturally or otherwise) are exposed to high concentrations of environmental toxic agents, no studies focused on the effects of this exposure on early embryo development have been reported so far. Therefore, this study was designed to assess the potential effects of short-term exposure to particulate air pollution during the follicular phase on in vitro early embryo development and on treatment and pregnancy outcomes of women undergoing their first IVF/ET cycle.
Materials and methods

Study population
Clinical and laboratory data from 400 patients consecutively undergoing their first ever IVF/ET cycle due to male factor infertility at our center between January 1, 1997 and December 31, 2006 were retrospectively collected from our IVF database. Male infertility was defined according to World Health Organization criteria [25] : oligozoospermia (<20×106 sperm/mL), asthenozoospermia (<50% of sperm with grades a/b motility), and/or teratozoospermia (<40% normal morphology). The ovarian response pattern of the study population was analyzed for each follicular phase PM exposure period. Thereafter, we excluded from this group patients with: 1) no ovarian response to gonadotrophins (n=27); 2) no oocytes recovered at retrieval (n=12); 3) fertilization failure (n=5); or embryo cleavage failure (n=8). Thus, the study cohort consisted of 348 patients who underwent embryo transfer 72 h after oocyte retrieval (day three), 87% of the original total. Before treatment all women underwent a standard protocol of infertility evaluation including basal follicle-stimulating hormone (FSH) and estradiol (E2) concentration measurements on cycle day three, and hysterosalpingography or hysterosonography. Inclusion criteria for women were: age≤45 years, day three FSH<15 mIU/mL and E2<60 pg/mL, and a normal uterine cavity. Patients included in this study had a negative personal and family history of venous thrombotic events, and congenital or karyotypic abnormalities. All patients had normal thyroid function and no previous history of occupational exposure to environmental toxins, chronic diseases, medications, and abuse of alcohol or drugs. The median age of the women was 35 (range, . The mean duration of infertility and body mass index (BMI) in the study population were 3.5±2.6 years (range: 1-19) and 22.6 ± 3.4 kg/m 2 (range: 16.6-40.0), respectively. All couples were non-smokers and lived in the São Paulo metropolitan area. The study was approved by our institutional review board and written consent was provided by all participants.
Ovarian stimulation and oocyte retrieval All patients underwent standard long protocol downregulation using a dose of 1 mg of a gonadotrophinreleasing hormone agonist (GnRH-a, Lupron; Abbott, São Paulo, São Paulo, Brazil), which was reduced once recombinant human FSH (rhFSH, Puregon; Organon, São Paulo, São Paulo, Brazil) and/or human menopausal gonadotrophin (hMG, Menogon; Ferring, São Paulo, São Paulo, Brazil) administration was initiated. The dose of gonadotrophin was individualized according to the patient's age and response. Ovarian response was assessed by serial transvaginal sonography and serum E 2 levels. Final oocyte maturation and ovulation were triggered with 10,000 international units (IU) intramuscular injection of human chorionic gonadotrophin (hCG, Choragon; Ferring) when lead follicles reached 18-20 mm in diameter. Peak E 2 level was measured on the day of hCG administration. Transvaginal ultrasound-guided oocyte retrieval under sedation was scheduled 35 to 36 h after hCG administration.
Oocyte fertilization, embryo culture and transfer, and luteal phase support Intracytoplasmic sperm injection (ICSI) and embryo culture were performed in all cycles according to procedures previously described [26, 27] based upon abnormal semen parameters (<5×106 sperm/mL total count, <30% progressive motility, and/or <30% normal morphology). ICSI was performed on day zero on all morphologically intact mature (metaphase II; MII) oocytes. Fertilization assessment was carried out 18-20 h (day one) after ICSI. Oocytes presenting two pronuclei (2PN) and two polar bodies were considered normally fertilized. All cleaving embryos were evaluated, on days two (42-45 h) and three (68-72 h) after ICSI, for: a) number, regularity and symmetry of blastomeres; b) fragmentation (score)-1: ≤10% of anucleated fragments, 2: 11-30% of anucleated fragments, 3: >30% of anucleated fragments; and c) presence (at least one blastomere exhibiting >1 nucleus) or absence of multinucleated blastomeres (MNB). The embryo quality score was evaluated as one of five grades according to the criteria described by Veeck in which the lowest score (grade 1) represents the best-quality embryo [28] .
Embryos were classified as being of high quality when they had four to six symmetrical blastomeres with ≤10% fragmentation and no multinucleation on day two, and six to eight symmetrical blastomeres with ≤10% fragmentation and no multinucleation on day three. Immediately before transfer, the selected embryos were scored according to quality and fragmentation and the embryo development rate (the sum of the number of blastomeres of each embryo transferred divided by the number of embryos transferred per patient) was calculated. Up to four embryos were transferred into the uterine cavity under transabdominal ultrasound guidance 72 h after oocyte retrieval. Luteal phase support was initiated on the day of oocyte retrieval in the form of intravaginal natural micronized progesterone (Utrogestan, Besins Iscovesco Laboratoires; Paris, France) at a dose of 800 mg daily and maintained at this dosage level until a serum pregnancy test was done two weeks after embryo transfer. If it was positive (βhCG>25 mIU/mL), transvaginal sonography was performed three weeks later to confirm the clinical pregnancy, evidenced by fetal heart activity, and to establish the number of gestational sacs. Micronized progesterone supplementation was provided for another 6 weeks to those who achieved pregnancy.
Outcome measures
Clinical outcome measurements used were the duration of ovarian stimulation (in days), amount of gonadotrophins used per treatment cycle (total dose in IU), endometrial thickness (in mm) measured by transvaginal ultrasound and peak E 2 level (in pg/mL) both determined on the day of hCG administration, and the total number of follicles aspirated on the day of oocyte retrieval (day zero). Laboratory outcome measurements used included the number of oocytes retrieved per patient, the rate of oocytes retrieved on day zero (total number of oocytes retrieved/total number of follicles aspirated), the rate of MII oocytes on day zero (MII oocytes/total number of oocytes retrieved), the fertilization rate on day one (MII oocytes showing 2PN/total number of MII oocytes injected), day two embryo cleavage rate (cleaved embryos on day two/number of zygotes on day one), day two high quality embryo rate (high quality embryos/number of embryos on day two), day three embryo cleavage rate (cleaved embryos on day three/number of zygotes on day one), and day three high quality embryo rate (high quality embryos/number of embryos on day three). The embryo transfer and treatment outcome methods of measurement included the number, embryo development rate, grade of embryos transferred, pregnancy rate, number of implanted embryos, and implantation rate (number of fetal hearts in activity/number of embryos transferred). Biochemical pregnancy was defined as a pregnancy with a positive pregnancy test that became negative prior to sonographic detection of an embryonic sac after 5 weeks of pregnancy. Early clinical pregnancy loss was defined as a miscarriage up to the 12th week of gestation after sonographic detection of fetal heart activity. Therefore, early pregnancy loss was defined as a pregnancy diagnosed with a positive serum βhCG that failed to reach the 12th week of gestation and included both biochemical and clinical pregnancies [29] . Pregnancy outcome measurements were early pregnancy loss, term pregnancy (delivery ≥37 weeks of gestation) and live birth rate. No ectopic pregnancies, second trimester pregnancy losses, or preterm pregnancies were observed in this study.
Ambient air pollution monitoring and study design
Daily records of PM of less than 10 µm in aerodynamic diameter (PM 10 ) concentrations were provided by the São Paulo State Environmental Protection Agency (CETESB) between January 1997 and December 2006 [30] . Exposure measurements during the study period were taken from 14 monitoring stations covering nearly all areas of the city from 1:00 A.M. to 12:00 P.M. For each station, the 24-h average was adopted and the arithmetical average of PM 10 across all monitoring stations was considered representative of the citywide exposure status. Due to the high mobility of patients throughout the city during the day, the arithmetical average of PM 10 across all monitoring stations rather than the 24-h average from individual monitors close to the patients' homes was considered representative of the exposure status.
We calculated monthly average concentrations for PM 10 throughout the study period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) and plotted all available data against time (Fig. 1) 3, 1990 ) that establishes this value as the maximum annual average of PM 10 that should be pursued. The short-term 24-h PM10 average concentration for the 14 days following each patient's last menstrual period (LMP) was determined as the average follicular phase exposure to represent the exposure of interest. Patients undergoing IVF/ET had the pattern of their ovarian response to superovulation identified and grouped through the K-means cluster analysis method performed on the number of oocytes retrieved and inseminated as poor (centroids: 5.2±2.6 and 3.8±1.9, respectively), normal (centroids: 12.2±2.7 and 9.4±2.3, respectively), or high (centroids: 22.5± 4.3 and 17.1±3.9, respectively) responders. Thus, the effects of follicular phase exposure to PM 10 levels during Q 1 to Q 4 periods on in vitro fertilization, embryo development, treatment, and pregnancy outcomes were evaluated.
Statistical analysis
Correlations among the 24-h average concentrations of PM 10 from all monitoring stations were determined with the use of Spearman's rank-correlation coefficient, adjusted by Bonferroni correction. Descriptive summaries of clinical and laboratory outcomes were expressed as means±standard deviations (SD). PM 10 was treated as a categorical variable for the analysis of clinical, laboratory, and treatment outcome dependent variables and as both a continuous and a categorical variable for the pregnancy outcome analysis. PM 10 was categorized into quartiles and exposure in the lower quartile was used as the reference category.
Categorical data regarding the four different patterns of ovarian response to superovulation (absent, poor, normal, and high) in each follicular phase PM 10 exposure period were evaluated using a chi-square test. Since the outcome of IVF treatment is highly dependent on ovarian response, it was treated as an independent variable. The effects of the ovarian response and follicular phase PM 10 exposure period as well as the interactions between them on each dependent variable were evaluated through multivariate analysis of variance (MANOVA). In order to rule out the year of IVF treatment and age as potential sources of bias in the study, they were entered as covariates. Multivariate logistic regression was used to evaluate the effect of ovarian response, follicular phase PM 10 exposure period, the year of IVF treatment, and age on treatment outcome. For the pregnancy outcome analysis, multivariate logistic regression was used to evaluate the effect of follicular phase PM 10 exposure period on pregnancy outcome using the year of IVF treatment and age as covariates. The effect of follicular phase PM 10 exposure either as a continuous or a categorical variable was expressed as an odds ratio (OR) with 95% confidence intervals (CI) and associated p values.
The data were analyzed using the Statistics Package for Social Sciences version 13.0 (SPSS Inc.; Chicago, IL).
Results
Ambient air monitoring Table 2 .
A multivariate effect for ovarian response on clinical, laboratory, and embryo transfer variables was found (Pillai's trace=0.54; F=7.45; P=.000; power=1.000). A significantly lower endometrial thickness and peak E 2 level on the day of hCG administration, and oocyte retrieval rate were observed in poor responders. No significant differences were found for any laboratory variables in the univariate analysis. In regard to embryo transfer variables, the analysis showed significantly lower embryo grade and development rate, as well as number of embryos transferred for poor responders. However, no difference was found for the implantation rate when the patients in different groups of ovarian response were compared.
The multivariate analysis adjusting for the year of IVF treatment and patient's age showed that clinical and laboratory outcomes were not affected by the follicular phase PM 10 exposure period (Pillai's trace=0.15; F=1.05; P=0.381; power=0.978). Additionally, no significant interaction between follicular phase PM 10 exposure period and ovarian response (Pillai's trace=0.22; F=0.76; P=0.956; power=0.990) was observed on clinical, laboratory, or embryo transfer variables. 
Pregnancy outcome
The effect of follicular phase PM 10 exposure period on pregnancy outcome in patients who conceived through IVF/ ET was evaluated. A total of 189 (54.3%) women achieved pregnancy through IVF treatment and were included in the analysis. For the logistic regression model, an increase in the odds of early pregnancy loss with increasing follicular phase PM 10 exposure was observed. The risk of early pregnancy loss increased 5% per unit increase in follicular phase PM 10 average (Wald Z-value=13.48; P=.000; OR: 1.05; CI: 1.02-1.07). However, increasing follicular phase exposure to PM 10 had no effect on the live birth rate (Wald Z-value=0.94; P=0.332; OR: 1.02; CI: 0.98-1.06).
No significant modification in the risk of biochemical or clinical early pregnancy loss according to baseline exposure (first PM 10 quartile) was seen for each interquartile range increase up to the third quartile. The risk of biochemical early pregnancy loss was not increased in the last quartile. Additionally, the multivariate logistic regression test showed that the risk of biochemical early pregnancy loss was not affected by the year of IVF treatment or by age. On the other hand, follicular phase exposure to PM 10 Table 4 .
Discussion
In this study we examined the effect of preconceptional short-term exposure to PM 10 in a real world situation on clinical, laboratory, treatment, and pregnancy outcomes of couples undergoing their first IVF/ET cycle due to male Values are means±standard deviation factor infertility. The results of this study provide evidence that for infertile women living in a large metropolitan area and undergoing IVF/ET treatment, short-term preconceptional exposure to higher concentrations of ambient PM 10 does not affect clinical and laboratory outcomes or treatment outcome as reflected by similar pregnancy and implantation rates. However, we found evidence that the exposure to increasing levels of ambient PM 10 during the follicular phase of the conception cycle after IVF/ET was associated with an increased risk of clinical early pregnancy loss. This effect was mainly observed after transient follicular phase exposure to ambient PM 10 levels slightly above the air quality standard measured as a 24 h running average (50 µg/m 3 ). When comparing the clinical and laboratory data from women undergoing IVF/ET that were exposed to periods with distinct levels of ambient PM 10 during the follicular phase of the treatment, we were unable to find a negative effect of the exposure either on IVF stimulation parameters (stimulation days, ampules of gonadotrophins used, endometrial thickness and peak E 2 level on the day of hCG administration, and the total number of follicles aspirated on the day of oocyte retrieval) or on laboratory parameters (number of oocytes retrieved per patient, oocyte retrieval and MII oocyte rates, fertilization, day two embryo cleavage and high quality, and day three embryo cleavage and high quality). Additionally, response to controlled ovarian hyperstimulation, although individually affecting some of these parameters as expected, did not show any interactions (neither positive nor negative) with the exposure to increased levels of ambient PM 10 in the IVF clinical and laboratory outcomes, suggesting that no specific subgroup of patients presents differential susceptibility to this exposure. These results suggest that the early embryonic developmental potential, specifically embryo cleavage rate and quality, was not affected by short-term exposure to ambient PM 10 during the follicular phase of the treatment, as pointed out in a previous experimental study from our laboratory in which we followed the fertilization and embryonic development in vitro of mice exposed to DEP during ovarian stimulation. That study found that the number of zygotes that reached the blastocyst stage and the blastocyst hatching pattern, both parameters reflecting the embryonic developmental potential, were not affected by short-term exposure to native or acidextracted DEP [21] .
The analysis of embryo transfer variables in this study showed that there were no statistically significant differences between subgroups of patients in each ovarian response pattern exposed to periods with distinct levels of ambient PM 10 during the follicular phase of the treatment in regard to the number of embryos transferred, embryo development rate, embryo quality score, and implantation rates. Although there was a significant decrease in the number of embryos transferred, embryo development rate, and embryo quality score (reflected by a higher score value) in poor responders when compared to normal or high responders exposed to periods with distinct levels of ambient PM 10 that could be translated into a lower pregnancy potential, it had no impact on treatment outcome as evidenced by similar implantation rates in these subgroups of patients.
The main IVF/ET treatment outcomes measured, clinical pregnancy rate per oocyte retrieval and per embryo transfer, did not reveal a statistically significant difference between patients exposed to progressively increased levels of ambient PM 10 during the preconceptional period. We found that no specific subgroup of patients in regard to ovarian response pattern was negatively affected by this exposure, although this observation is limited in some analyses due to the small number of cycles in specific subgroups. A similar observation was found in a previous experimental study that evaluated the effects of chronic exposure to air pollution in a large urban center on the fertility of Balb/c female mice showing that there was no significant difference in the pregnancy rates of mice exposed to clean or polluted air [16] .
In the current study we found that early pregnancy loss rates (biochemical and clinical) among patients that conceived after IVF/ET treatment and were exposed to Q1, Q2 and Q3 periods during the follicular phase of their conception cycle were similar (19.0%, 14.3% and 20.9%, respectively) and in accordance with the rates of reported miscarriage (20-39%) that occur in patients undergoing IVF/ICSI [31, 32] . Conversely, the risk of early pregnancy loss in women exposed to high levels of ambient PM 10 (Q 4 period) during the preconceptional period was significantly higher than that found in the group of women exposed to lower levels of ambient PM 10 (Q 1-3 periods). However, when only considering the biochemical early pregnancy loss the logistic regression analysis revealed no difference among the four distinct ambient PM 10 exposure periods, though a trend toward a higher biochemical pregnancy rate (14% versus 4.1%, Q 4 and Q 1-3 periods) was observed for women exposed to ambient PM 10 found in the last quartile. We also identified a monotonic effect between short-term exposure to ambient PM 10 during the preconceptional period and the incidence of early pregnancy loss. For each unit increase in follicular phase PM 10 average there was a 5% increase in the risk of early pregnancy loss.
The exact reason for the increased risk of miscarriage observed in women exposed to high levels of ambient PM 10 during the preconceptional period is not known. The disruption of the normal segregation pattern of the first two cell lineages, the inner cell mass (ICM) and trophectoderm (TE), at the blastocyst stage as well as the loss of ICM morphological integrity have been documented in an experimental model used by our group for the evaluation of the effects of short-term exposure to DEP on fertilization and embryo development in vitro [21] . The size of first two cell lineages (ICM and TE) as well as their ratio influence future growth, viability, and implantation potential of the blastocyst. A positive relationship between cell number and morphology of the ICM and the rate of embryo implantation and post-implantation developmental potential were evidenced in experimental and clinical studies [1, 23] . Based on our experimental data and on these findings we hypothesize that the lineage specification defect and the loss of ICM integrity may suggest one of the possible pathways through which increased risk of clinical early pregnancy loss is triggered in women exposed to high levels of ambient PM 10 . The distinction between biochemical and clinical early pregnancy loss in the present study showed that the majority (73%) of the losses occurred after the detection of fetal heart activity, strengthening the hypothesis that embryo viability rather than implantation potential was affected by preconceptional exposure to high levels of ambient PM 10 .
Alternatively, the increased risk of early pregnancy loss in women exposed to air pollution could be related to maternal changes in the vascular compartment or uterine OR odds ratio 95% CI 95% confidence intervals environment prior to pregnancy as shown by a previous experimental study conducted in our laboratory. Veras et al. [33] showed that ambient levels of PM may impair reproductive health by affecting the maternal side of the placental interface between the mother and the fetus. Preand/or gestational exposure of female mice to non-filtered urban air led to reduced volumes, diameters, and surface areas of maternal blood spaces and significant increases in fetal capillary surface area and the total and mass-specific morphometric diffusive conductances for oxygen of the intervascular barrier. The reported changes suggest compromised delivery of maternal blood to the placenta and an increase in the resistance to its flow, impairing embryo development despite parallel attempts on the fetal side to improve transport by passive diffusion. The current study benefited from the methodological and statistical approaches through which we controlled specific characteristics of the patient population that could bias the observed effects by association of exposure and outcome to confounding variables. Precise knowledge of the LMP of each patient significantly reduced exposure misclassification despite the retrospective nature of the analysis. The high quality of the treatment and outcome data was only possible because they were electronically recorded in a consistent manner during the study period, a sturdy feature of a private practice setting. To properly analyze the complex and interrelated nature of the IVF/ET treatment dependent variables, multiple logistic regression was selected as the statistical method to assess the effects of different ovarian response patterns to gonadotrophins, exposure, patient's age, and the year of IVF treatment, as well as their interactions, thus reducing the possibility of an observed effect having been caused by chance (type I error).
We do recognize some limitations to our study. Reproductive health is a couple-dependent process and even though we tried to minimize the male factor effect on the IVF/ET treatment outcome by selecting patients in which fertilization was achieved only by ICSI, the sperm DNA damage that may result from the exposure to intermittent air pollution could be also linked to the increased rate of adverse pregnancy outcome [10] . Although this time-series study has some potential limitations, it is not thought to be confounded by other factors implicated in early pregnancy loss such as uterine anatomic abnormalities, thrombophilia, antiphospholipid syndrome, or autoreactive immune processes [34] because these factors were either previously excluded or would show no significant variation across the study period and are not associated with daily air pollution levels. Exposure assessment was limited since we used the ambient PM 10 levels derived from a network average across a number of sites in the city, an approach that could introduce some bias by not considering geographic microclimate differences in exposure [35] . The consequence of using ambient PM 10 concentrations instead of average personal exposure measure is to underestimate pollution's effects. However, Zeger et al. [36] showed that differences between individual exposures on a given day and the riskweighted average of personal exposures are not likely to cause substantial bias in coefficients from time-series studies. The selection of a single pollutant from a complex mixture of compounds present in air pollution to evaluate its effects on IVF/ET treatment and pregnancy outcome may represent another important source of bias since some of the reported effects may be attributed to other pollutants. However, based on the results of our previous studies showing the effects of ambient PM [22] and DEP [21] on fertilization and embryo development in vitro and on cell lineage segregation at the blastocyst stage and of ambient PM on pregnancy outcome in women [24] , we focused our study on the evaluation of the possible effects of ambient PM 10 on reproductive health. The lack of difference among the four distinct exposure periods in regard to biochemical early pregnancy loss may be due to the limited number of biochemical pregnancies found in this study. Finally, extrapolation of the results to the general population may be limited by our infertile population and the fact that the patients in this study lived in areas of higher socioeconomic status and had the same ethnic origin (Caucasian), two important covariates that may influence and interact with environmental conditions [37, 38] . Indoor sources produce particles of similar composition and toxicity as those found outdoors and may be a major component of error in air pollution studies. However, since our study is limited to the higher socioeconomic strata of the population, the lifestyle (nonsmoking couples) and a healthier household environment (cleaner energy source, better indoor air distribution) could rule out indoor air pollution as a major confounding factor in this study.
Conclusion
To our knowledge, this is the first study of its kind conducted to evaluate the possible effects of preconceptional short-term exposure to ambient PM 10 on treatment outcome of infertile women undergoing IVF/ET who live in a large metropolitan area. The results presented here provide evidence for an association between brief exposure to high levels of ambient PM 10 during the preconceptional period and early pregnancy loss and show a monotonic effect of ambient PM 10 exposure on reproductive outcome. The increase in the risk of early pregnancy loss during winter time has potential public health implications and warrants stronger environmental policies aimed at reducing urban air pollution during this period. Rescheduling the IVF cycle to avoid the months of the year with highest ambient PM 10 levels would be a wise approach in order to maximize pregnancy outcome.
